Over the past few years, the number and size of proteomic datasets composed of mass spectrometry-derived protein identifications reported in the literature have grown dramatically. This is a direct result of the widespread availability of instruments, methods, and easy-to-use software for collecting large amounts of data and for converting the observed peptide and fragment-ion masses to peptide and then protein identities. In particular, the analysis of samples containing large numbers of proteins by multidimensional liquid chromatography (LC/LC) 1 coupled on-line with tandem mass spectrometry (MS/MS) is now a common component of many biological projects. Clearly it is in the interest of the scientific community to make such data readily available. However, the publication of large proteomic datasets poses new and significant challenges for authors, reviewers, and readers as universally accepted and widely available computational tools for validation of the published results are not yet available (1). In an effort to ensure that high-quality, significant data are entering the proteomics literature, Molecular & Cellular Proteomics (MCP) is introducing guidelines for authors planning to submit manuscripts containing large numbers of proteins identified primarily by LC-MS/MS.
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The need for these guidelines is driven in part by the fact that a significant but undefined number of the proteins being reported as "identified" in proteomics articles are likely to be false positives (2) . These incorrect matches probably result most often from the use of low-quality peptide MS/MS data to search the database. However, even high-quality data can produce invalid identifications if, for example, the actual peptide sequence is not in the database being searched. Many different algorithms are being used for peptide and protein assignment (e.g. MSTag, Mascot, SEQUEST, SpectrumMill, Sonar, etc.), and each has unique rules for scoring to move the most probable peptide assignment to the top of the "hit" list. In addition, new filtering criteria are being developed that, when layered onto the results from the above algorithms, help to eliminate a certain additional percentage of false positives (3, 4) . It is very important that the users of these tools, our authors, have at least a working understanding of how the algorithm they use works. However, even the judicious use of scoring, threshold parameters, and additional filtering criteria for search engines, while serving the very important purpose of reducing the number of misassigned peptides and proteins, does not eliminate the problem. It is almost always possible to match a MS/MS spectrum to a peptide in the database; the difficult part is validating that the match is correct.
This is not to imply that the situation is bleak. In fact, most assignments of proteins made with high-quality data and using more than a single peptide to identify a protein are likely correct. Furthermore, improved methods are being developed at a rapid pace. Recently, application of statistical methods to validate peptide assignments to MS/MS spectra of peptides has been shown to be a promising approach, and a number of groups are working in this area (2, (5) (6) (7) (8) (9) (10) (11) . However, these programs are only beginning to be widely used and they are not universally accepted. MCP fully supports continued development and testing of such programs and will publish new search and filtering approaches to make them widely available to the proteomics community. However, in the absence of accepted standards and widely available tools that operate on such standards, there are guidelines that the journal can formulate that would help ensure the publication of highquality information and to assist readers in being able to make their own assessment of the validity of the assignments in manuscripts. Thus, we introduce the initial set of such guidelines in this issue of the journal. The rationale and purpose of each of these is described below.
The first (and obvious) guideline is to obtain sufficient information from authors to document what search engine was used and how peptide and protein assignments were made using that software.
Guideline 2 defines how peptides should be counted toward the identification of a protein. We do not at this time attempt to deal with the related issue of what constitutes a "unique" peptide with respect to the proteins identified. For example, the situation arises with respect to how to use peptides matching to one member of a protein family but not to any other. We are working toward a better definition of both the problem and possible ways for how to deal with this issue (also see explanation of guideline 6, below).
Guidelines 3 and 4 relate to the fact that, regardless of the search engine employed, the risk of a false-positive protein assignment is greater when only a single peptide is used to identify a protein than when multiple peptides (each satisfying the criteria for a good match in the given software) are used to make an identification by database searching (10). Therefore we are increasing the stringency of information required to use single-peptide identifications for protein assignment. This change is not meant to signal that proteins assigned with two or more peptide are automatically correct, only that there is a significantly higher potential for single-peptide assignments to be wrong.
While the accepted standard for peptide identification is now sequence information obtained by MS/MS data, a significant portion of the proteomics community continues to employ peptide mass fingerprinting data for peptide identification. Guideline 5 addresses this type of data and increases the stringency for its acceptance.. Guideline 6 addresses the present difficulties search engines have with counting the number of unique proteins identified based on the peptides found. At present, there is no agreed upon approach. The issue is that essentially the same protein appears in many cases under different names and accession numbers in the databases. In some cases, this is due to redundant entries in the database being searched. However, some of this apparent "redundancy" is biological in that many genomes have multiple copies of similar genes as well as splice variants. In both cases, multiple proteins with similar (if not identical) sequences are identified by the search engine using subsets of the same group of mass spectra. This is a difficult problem for which there is no ideal solution at present. However, it is possible to formulate a practical definition of "similar" sequences and to then group proteins together according to the spectra used to identify them. This guideline addresses this issue.
Achieving the ultimate goal of publishing only high-quality datasets with small and known false-positive rates will require new data analysis tools and methods. As such tools become available, published results will be subject to reanalysis and interpretation. This is a healthy situation for the field, which MCP will assist by moving in the future to require that authors submit their data (in a suitable format) as a condition for acceptance of their manuscript. The goal is to make openly available the MS and LC-MS/MS data in published studies (in a suitable form and with necessary tools) to enable reanalysis, data mining, and development of improved algorithms. The guidelines introduced in this issue are a start. We consider this a work in progress and welcome your comments.
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GUIDELINES FOR THE PUBLICATION OF PEPTIDE AND PROTEIN IDENTIFICATION DATA IN MOLECULAR & CELLULAR PROTEOMICS
The following guidelines have been developed to specifically address problems associated with articles containing peptide and protein identifications. These guidelines are under development and will likely undergo revisions as experience and the supporting technology develop further. Authors with questions regarding the guidelines are encouraged to contact the Editors prior to submission of their manuscripts for additional discussion and/or clarification.
Manuscripts containing protein identifications based on fragmentation and database searching must provide:
1. The following supporting information:
• The method and/or program used to create the "peak list" from raw data and the parameters used in the cre-ation of this peak list, particularly any that might affect the quality of the subsequent database search. Examples include whether smoothing was applied; any signal-tonoise criteria; the percentage peak height at which centroids were calculated; and whether charge states were calculated and peaks de-isotoped.
• The name and version of the program(s) used for database searching and specific parameters used for its (their) operation. Examples include precursor-ion mass accuracy; fragment-ion mass accuracy; modifications allowed for; any missed cleavages; enzyme specified or not; etc.
• Scores used to interpret MS/MS data and thresholds and values specific to judging certainty of identification, whether any statistical analysis was applied to validate the results, and a description of how applied.
• The name and version of sequence database used; the count of number of protein entries in it at the time searched.
2. Information regarding the sequence coverage observed for each protein should be provided either in the manuscript or in the supplementary materials. The authors are encouraged to provide a table that lists for each protein the sequences of all identified peptides. At the minimum, the total number of peptides belonging to each protein must be explicitly stated either in the text or in tables presented. To compute this number, different forms of the same peptide are to be counted as only a single peptide. For example, if the same peptide is identified in both 2ϩ and 3ϩ charge forms, the number of interpreted spectra equals 2, but the count of identified peptides that count toward the protein sequence coverage measure is only 1. Similarly, if multiple forms of a peptide are identified that arise through common sample-handling artifacts (e.g., oxidation of Met and deamidation of Asn), then the count of peptides identified again equals 1. The total number of MS/MS-interpreted spectra assigned to peptides corresponding to each protein can also be provided, but this should not be confused with the protein sequence coverage measure described above. 3. Protein assignments based on single-peptide assignments must include additional information in the table(s). Specifically, we require authors to show 1) the sequence of the peptide used to make each such assignment, together with the amino acids N-and Cterminal to that peptide's sequence, 2) the precursor mass and charge (not just m/z) observed, and 3) the scores for this peptide (in the case of multiple MS/MS spectra assigned the same peptide, this information should be provided only for the best assignment). As noted in guideline 2, assignments of the same peptide to multiple MS/MS spectra of the same charge form are to be counted as single-peptide assignment. 4. In cases where biological conclusions are based on observation of a single peptide matching to a protein or a posttranslationally modified form of that protein, then this identification must be supported by inclusion (in the main body or in supplemental materials) of the corresponding MS/MS spectrum appropriately labeled. 5. Peptide mass fingerprint data will continue to be accepted for peptide identification, but the standard of acceptability will be more stringent than currently allowed. In addition to listing the number of masses matched to the identified protein, authors should also state the number of masses not matched in the spectrum and the sequence coverage observed. They must describe the parameters and thresholds used to analyze the data (see guideline 1, above), including mass accuracy, resolution, means of calibrating each spectrum, and exclusion of known contaminant ions (keratin, etc.). Authors are encouraged to use and provide the results of scoring schemes that provide a measure of identification certainty, or perform some measure of false-positive rate. 6. Essentially the same protein appears in many cases under different names and accession numbers in the database. When matching peptides to members of such a family, it is the authors' responsibility to demonstrate that they are aware of the problem and have taken reasonable measures to eliminate redundancy. In cases where a single-protein member of a multi-protein family has been singled out, the authors should explain how the other members of the group were ruled out, if at all. In addition, sometimes proteins are identified from a different species than the studied one. For example, mouse or human protein in a hamster study. If such a protein is included, it also has to be mentioned and justified. 7. MCP strongly encourages (but does not at present require) the submission of all MS/MS spectra mentioned in the paper as supplemental material. We will accept dta, pkl, and mgf files. Because technical aspects of storing large repositories of raw mass spectrometric data has yet to be worked out, MCP cannot at present accept any such data. However, authors are encouraged to provide access to raw MS data using other means, including group websites and public repositories as they emerge.
